upwelling of geothermal chloride-rich fluids above a heat source. The acid-sulfate type of hydrothermal system is found in areas where the water supply is limited. In these systems, deep neutral-chloride waters provide a source of steam which condenses in the near surface environment to form an acid-sulfate liquid from oxidation of H 2 S to H 2 SO 4 . Rising steam from the boiling reservoir can easily transport sulfur compounds, but not Cl compounds, leading to a high S/Cl ratio in the condensed vapor. The resulting fluid chemistry also includes high concentrations of volatile elements, such as S and ammonium ions, and low concentrations of elements such as Cl and Li.
The most abundant elements in the enriched salt component of the Martian soil are S and Cl. Possible contributions to the soil are calculated with a mixing model, such that the neutral-chloride fluid provides most of the Cl, and the acid-sulfate fluid provides most of the S (Table 1) . The predicted abundances of other mobile elements are based on the ratios of the mobile elements to either S, or Cl in the terrestrial analog fluids. Small corrections to the abundances of some mobile trace elements were made to account for minor differences in the initial abundances of elements in the mantles of the Earth and Mars.
The predicted abundances of key elements in neutral-chloride fluids are obtained by setting the Cl content of these components equal to that in the soil, about 0.6 wt%. When adjusted to this concentration level, the neutral-chloride component can account for the Cl, the Na, and part of the K, but not the S. However, if the acid-sulfate fluids were called upon to provide most of the Cl, the abundances of S, Na, and K would be much too large.
The signature of the acid-sulfate systems are high S, low Cl, and low Na abundances. The predicted abundances of mobile elements derived from acidsulfate fluids are obtained by setting the S content of this component equal to that in the soil, about 3-wt%. With this normalization the acid-sulfate fluids could account for the S and part of the Na and K, but not the Cl. However, if the neutral-chloride fluids were called upon to provide most of the S, the abundances of Cl, Na, and K would be much to large.
The Martian soil contains approximately 18 wt% Fe, of which approximately 1/3 or 6 wt% is in the form of the magnetic mineral maghemite [4] . The contribution of the element iron (Fe) to the soil from Lunar and Planetary Science XXX 1262.pdf the acid-sulfate fluids is predicted to be less than 0.5 wt%, even though this is a factor of 100 higher than predicted for neutral-chloride fluids. Therefore, the hydrothermal fluids are unlikely to be involved in the formation of the magnetic minerals in the soil, because the Fe contents of the fluids are too low.
The mobile element bromine was detected in the Martian soil by Viking [5] . The actual amount of Br present is less than the detection limit of 1,000 ppm [6]. Our model predicts an abundance of 85 ppm Br, greater than SNC abundances, but less than the detection limit.
Data are scarce for trace elements from terrestrial analogue systems that might distinguish the volcanic aerosol contribution from the hydrothermal contributions. In volcanic aerosols the ratios of mobile elements to S and Cl are also more variable than in hydrothermal fluids. Lithium is enriched in the neutralchloride fluids relative to the acid-sulfate fluids and volcanic aerosols. The predicted Li abundance from the neutral-chloride fluids in this model is 0.01 wt%, well below the detection limits for this element in the Martian soil. The abundances of the toxic metals As, Cd, and Pb are predicted by the model, but have not been measured in the soil. The detection of these trace elements in the soil, will require sensitive in-situ measurements or sample return to Earth Hydrothermal Processes and the Rock Component of the Soil: The formation of the rock component of the soil by hydrothermal processes depends on the water/rock ratio. At high water/rock ratios, hydrothermal alteration can result in the formation of clays due to the extensive alteration of the host rock. Acid-sulfate systems in particular can produce intense argillic alteration, weakening the rock, making it susceptible to aeolian erosion. However, available remote sensing data does not support the presence of large concentrations of clays in the soil.
With lower water/rock ratios, clay formation can be minimized, as in the formation of palagonite during glass alteration. Palagonite, a likely spectral analog for the Martian soil [7] , is an amorphous or microcrystalline gel-like alteration product. During the emplacement of lava flows and melt sheets, near surface materials could be altered by water films on rock or glass surfaces produced by condensation of steam. Shallow hydrothermal systems could be supplied by shallow groundwater or ground ice. Access to groundwater beneath permafrost could occur by impact pentration or by melting due to the thermal event associated with the hydrothermal system.
Conclusions:
The chemical composition of the Martian soil contains clues to geological processes on the surface of Mars, and to the geochemical composition of the Martian crust. We have shown that:
• The mobile element component could be derived from a mixture of acid-sulfate and neutral chloride hydrothermal fluids, which can explain the high S/Cl ratio in the soil.
• Vapor-dominated acid-sulfate fluids can evolve from water-rich neutral-chloride systems when water is limited, as expected on Mars.
• The iron content of the hydrothermal fluids is too low to explain the occurrence of the magnetic component of the soil.
• Volcanic aerosols could contribute the mobile elements to the soil, but the relative contribution of hydrothermal fluids and volcanic aerosols requires better trace element analysis.
• Hydrothermal effects with very low water/rock ratios, over wide areas of lava flows and impact melts may be important for producing both the mobile element and rock components of the soil.
• Significant concentrations of toxic heavy metals may be present in the soil. 
